INTRODUCTION {#sec1-1}
============

Incisors are the most anterior teeth in the mouth. Multiple extraoral and intraoral forces and factors could impact their inclination and position.\[[@ref1]\] At the same time, their position and inclination show a direct and indirect impact on the upper and lower lip positions.\[[@ref2][@ref3]\] They also play a major role in the rest and dynamic smile esthetics.\[[@ref4]\] As facial soft tissue positions are becoming extremely important in contemporary orthodontic treatment planning,\[[@ref5][@ref6]\] understanding incisor inclination changes with age is crucial in visioning long-term professional treatment efficiency.

Upper incisor inclination was found to have an effect on the vertical\[[@ref7]\] and horizontal\[[@ref8]\] position of point A as assessed on cephalometric radiographs. However, such effect was reported to be small, of no clinical relevance and was still controversial.\[[@ref8]\] Upper incisors were also found to significantly affect the perioral soft tissue measurements and upper lip strain in Class II division 1 malocclusion cases.\[[@ref9]\] Concomitantly, the lip position and thickness were found to significantly affect the upper incisor inclination.\[[@ref10]\]

Lower incisor inclination was found to be significantly affected by the vertical facial pattern.\[[@ref1][@ref11]\] Long-face facial pattern showed more proclined and extruded lower incisors than short-face facial pattern.\[[@ref11]\] It was also found to be significantly correlated with gender, age,\[[@ref1]\] and symphyseal depth.\[[@ref1][@ref12]\] Lower incisors were also found to be more extruded in Class III subjects with negative overjet as compared to Class I subjects.\[[@ref11]\] However, no significant association was reported between changes in lower incisor inclination and point B position as assessed on cephalometric radiographs.\[[@ref7][@ref8]\]

Aging is a natural biological and physiological process. Oral and perioral structures, as part of the human body, face multiple changes and adaptation with aging. As person ages, the muscles\' ability to create a smile decreases causing the smile to become narrower vertically and wider transversely.\[[@ref13][@ref14]\] Despite the minor gender differences in upper and lower lip changes with age, maxillary incisor display was found to decrease with age, whereas the mandibular incisor display tended to increase with age.\[[@ref14][@ref15][@ref16][@ref17]\] This might be explained by the increased resting upper lip length,\[[@ref16]\] decreased upper lip thickness, and decreased lower lip elevation with age.\[[@ref17]\] Such changes highlighted the importance of including the effect of age and gender on the long-term facial balance within the orthodontic treatment plan.\[[@ref14][@ref18]\]

The biting forces on the incisors were also shown to vary with age with a peak at 14 years of age for females and 15 years for males.\[[@ref19]\] Such forces might contribute to age-related changes in incisor inclination. Racial differences in dentofacial and soft tissue morphology, as proved by multiple studies, might also be a contributing factor in age-related changes of incisors\' inclination.\[[@ref5][@ref6][@ref18][@ref20][@ref21][@ref22][@ref23][@ref24]\]

The aim of this study is to investigate the age- and gender-related changes in the upper and lower incisors\' inclination and position in different vertical craniofacial relationships.

MATERIALS AND METHODS {#sec1-2}
=====================

This was a retrospective study with a sample comprising pretreatment records of patients from the outpatient clinic of the Department of Orthodontics, at King Abdulaziz University, Jeddah, Saudi Arabia. The study was approved by the Ethical Committee as it involved data of patients.

The selection of patients\' records included the following criteria:

\(1\) Age ranged from 8 to 48 years, (2) no history of orthodontic treatment, (3) no craniofacial disorders such as cleft palate, and (4) pretreatment lateral cephalometric radiographs must be present. Records of 800 randomly selected patients\' files were then screened of which 420 files fulfilled the selection criteria.

Lateral cephalometric radiographs of the selected cases were traced and analyzed by a trained examiner to identify the followings; vertical skeletal relationship, upper and lower incisors\' inclinations and positions.

The samples were divided into 3 groups based on the vertical skeletal relationship. The latter was defined based on Frankfort Mandibular plane angle (FMA) as; normal (FMA 23°--27°), low angle (FMA \< 23°), and high angle (FMA \> 27°) vertical skeletal pattern. The sample was further subdivided into different age groups with small intervals considering the wide range of dental changes from early mixed to adulthood. The adulthood was further divided into groups putting into consideration age changes in periodontal support. Accordingly, the age group distribution in the current study was set as follows;

(8--9 years); (\>9--11 years); (\>11--13 years); (\>13--15 years); (\>15--17 years); (\>17--19 years); (\>19--25 years); (\>25--30 years); (\>30--35 years); (\>35 years).

The upper and lower incisors were then assessed as follows:

The upper incisors\' inclination was measured as upper incisor/numerical aperture (NA) angle: (average = 22° ± 2)The upper incisors\' position was measured as upper incisor/NA distance (mm): (average = 4 mm ± 2)The lower incisors\' inclination was measured as lower incisor/Mandibular plane (MP) angle: (average = 90° ± 2)The lower incisors\' position was measured as lower incisor/NB distance (mm): (average = 4 mm ± 2).

Statistical Analysis {#sec2-1}
--------------------

Before data collection, ten cases were randomly selected and the assessed variables were recorded twice with 2 weeks apart to calculate the intraexaminer reliability. The kappa statistics of intraexaminer consistency were 0.80 for the angular variables and 0.90 for the linear variables assessed.

Descriptive statistics and group comparison between the different study groups were calculated for mean age differences using one-way ANOVA, and for gender difference using Chi-square test.

The data were then compared to the association and effect sizes of age and gender on the upper and lower incisors\' inclination and position changes in different vertical skeletal relationships using two-way ANOVA and Eta partial measurement (η~p~^2^) (gender, factor 1; age-group, factor 2; age × gender interaction). Effect size values of 0.02≤ η~p~^2^ \< 0.13 were considered small, 0.13 ≤ η~p~^2^ \< 0.26 considered medium, and 0.26 ≤ η~p~^2^ considered large.\[[@ref18]\] All statistical analyses were done using SPSS 16.0 software (SPSS Inc. Released 2007. SPSS for Windows, Version 16.0. Chicago, SPSS Inc.). The significance level was set at *P* \< 0.05.

RESULTS {#sec1-3}
=======

The studied sample consisted of 272 females and 148 male subjects; 115 had normal, 55 had low, and 250 had high angle vertical skeletal relationship. The sample distribution among the different age groups is presented in [Table 1](#T1){ref-type="table"}.

###### 

Sample distribution

![](JOS-5-132-g001)

No significant age (*P* = 0.138) and gender (*P* = 0.715) distribution differences were found between the different vertical craniofacial relationships \[[Table 1](#T1){ref-type="table"}\].

The results indicated a significant difference between male and female in the upper incisors\' inclination in the low angle group only (*P* \< 0.05). No significant gender difference was found in the upper and lower incisors\' position changes among all studied groups, as well as the upper incisor inclination in the normal and high angle groups (*P* \> 0.05). Gender was shown to have no effect on incisors\' changes except for a reported medium effect (0.13 ≤ η~p~^2^ \< 0.26) on the upper incisor inclination in the low angle group only with no effect on the normal and high angle groups \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\].

![Significance and effect size of age and gender on upper incisor inclination and position changes among the 3 studied groups. Significant using two-way ANOVA at \**P* \<0.05, \*\**P* \<0.01, \*\*\**P* \<0.001; and effect size \*η~p~^2^= small, \*\*η~p~^2^= medium, \*\*\*η~p~^2^= large](JOS-5-132-g002){#F1}

![Significance and effect size of age and gender on lower incisor inclination and position changes among the three tudied groups using two-way ANOVA at \**P*\<0.05, \*\**P*\<0.01, \*\*\**P*\<0.001; and effect size \*η~p~^2^= small, \*\*η~p~^2^= medium, \*\*\*η~p~^2^= large](JOS-5-132-g003){#F2}

The results indicated no significant difference between the different age groups in the upper and lower incisors\' changes among the three studied groups (*P* \> 0.05). The effect of age on incisors\' changes was also found to be small (0.02 ≤ η~p~^2^ \< 0.13) in the normal and high angle groups. However, in the low angle group, the effect of age was found to be medium (0.13 ≤ η~p~^2^ \< 0.26) for the upper and lower incisors\' position changes and large (0.26 ≤ η~p~^2^) for the upper and lower incisor inclination \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\].

Results further indicated that age × gender interaction had a significant effect (*P* \< 0.05) on the upper incisor inclination and the lower incisor position changes in the low angle group only. Such interaction also showed a medium effect (0.13 ≤ η~p~^2^ \< 0.26) on the lower incisors\' inclination changes and large effects (0.26 ≤ η~p~^2^) on the upper incisor inclination and upper and lower incisors\' position changes but also in the low angle group only \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\].

DISCUSSION {#sec1-4}
==========

Multiple studies have shown that incisors\' inclination and position varied among different malocclusions,\[[@ref9]\] as well as with different vertical growth patterns.\[[@ref1][@ref11][@ref12][@ref25]\] Gütermann *et al*.\[[@ref1]\] reported that the lower incisors become more retroclined in subjects with more pronounced divergent jaws and with more obtuse gonial angle. Such finding was found to be related to the subject\'s gender, age, and vertical skeletal pattern.\[[@ref1]\] However, the age group in Gutermann\'s study was all growing (8--16 years only), as well as only significance of associations was assessed, but the effect size of age and gender on lower incisors\' inclination was not studied. Similarly, Molina-Berlanga *et al*.\[[@ref11]\] evaluated the lower incisors\' compensations in Class I and Class III skeletal malocclusions with different vertical facial patterns in adult patients. They found that Class I high angle cases and Class III high and normal angle cases had more retroclined lower incisors.\[[@ref11]\] Multiple other studies evaluated incisor changes but in adult patients also.\[[@ref12][@ref25]\] To the best of our knowledge, limited studies assessed the effect size of age and gender on incisors\' inclination and position changes on a broad range of age groups, and thus comparisons of results seem difficult.

The effect size has been calculated in the current study to give a better understanding of the findings. The *P* value only indicates if there is an effect or not and is dependent on the sample size. In contrary, the effect size is the raw finding that shows the magnitude of the effect of the findings and is not related to the sample size. Thus, statisticians advocated to interpret both the effect size and the statistical significance (*P*-value) for stronger and meaningful interpretation.\[[@ref26]\]

Accordingly, the current findings showed that the only changes that were significant and had a clinically acceptable impact, with medium to large effect sizes, were the effect of gender on the upper incisors inclination, and effect of age and gender interaction on the upper incisor inclination and the lower incisor position changes. Such findings were not significant except in subjects with decreased vertical relationships.

Multiple studies have shown that the perioral soft tissue structures have an effect on the upper incisors, especially the upper lip.\[[@ref10][@ref27]\] Shamlan and Aldrees further confirmed that the upper and lower incisors influenced the upper lip length and lower lip position.\[[@ref27]\] Other studies have shown that the upper lip height, length, and muscle tone changed with age.\[[@ref15][@ref17]\] Sforza *et al*.\[[@ref18]\] assessed the age- and gender-related changes in positions of the nose, lips, and chin on 654 healthy, native Northern Sudanese subjects from childhood to young adulthood. Despite their reported age and gender effects on the perioral structures, they also emphasized the importance of ethnic variability in such fields of study. None of the previous studies, however, took the vertical skeletal pattern into consideration which made comparisons and correlations with the current findings inapplicable.

Malocclusion, incisors\' vertical position, as well as anteroposterior skeletal and vertical skeletal patterns are major factors in any dentofacial balance. Thus, for better interpreting the results when analyzing age- and gender-related dentofacial changes, the latter variables should be considered. In addition, findings should be ethnic related for in-depth meaning.

As a cross-sectional study, age-related changes might not represent the true growth and development as much as they represent an estimate of the actual biological nature of the subject at that period of time. Thus, for a true growth effect, a longitudinal study might be the best research design, which might be difficult to conduct because of the high drop outs due to the long-term nature of such researches.

CONCLUSION {#sec1-5}
==========

Age- and gender-related upper and lower incisor changes in inclination and position were found to be significant in subjects with decreased vertical skeletal pattern only. Such findings are important to consider in predicting orthodontic treatment plans, especially for patients with decreased vertical skeletal relationship.
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